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Why B decay constants?

 New experiments and the CKM matrix:

 Need to reduce error in theoretical calculations 
to reduce error on CKM matrix elements ahead 
of new experimental results from Belle II

 Decay constant fB could be used alongside 
measurement of B→τν to pinpoint |Vub|

 fB, fBs also important to |Vtd|,|Vts| through B0B0

oscillations
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 We want to learn more about the way SU(3) breaking in 
the lightest quarks affects heavy B mesons
 Need a strategy for studying SU(3) breaking effects in u,d,s

quarks on the lattice
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Choosing light and strange quarks

 We choose to study SU(3) breaking in a controlled way, by 
keeping the average mass of these three lightest quarks 
constant.
 Lattice configurations for this method are produced by the 

QCDSF Collaboration. These configurations are simplified with 
mu = md , (called mlight)
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 Choose constant average mass

matching the physical average mass

 Produces controlled breaking of 
SU(3) symmetry

 Flavour singlet quantities remain 
approx. constant (O(δm) removed)

m =       ( 2ml + ms )⅓
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 Choose constant average mass

matching the physical average mass

 Produces controlled breaking of 
SU(3) symmetry

 Flavour singlet quantities remain 
approx. constant (O(δm) removed)

m =       ( 2ml + ms )⅓Light flavour singlets on QCDSF

configurations, including:
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from simulating a heavier vacuum 

occur together
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Generating b-quarks

 b-quarks are heavy and “fall through” the lattice if a 

standard quark action is used.

 We use an anisotropic, clover-improved action 

(Relativistic Heavy Quark Action), and then tune the 

free parameters to physical quantities for the B meson.
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Aoki, Y et al (2012). “Nonperturbative tuning of an improved relativistic heavy-quark action with application to bottom spectroscopy.” 

Physical Review D, 86(11), 116003. doi:10.1103/PhysRevD.86.116003
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Generating b-quarks

1. On every set of configurations, generate 

one “central” b-quark and six other b-

quarks in a “parameter star” by 

changing our three free variables.

2. Make a Blight and Bstrange meson for each 

b quark

3. Calculate the “singlet” B meson, 

BX = (2/3) Bl + (1/3) Bs for each of our 

seven b-quarks.

4. Compare the calculated BX mesons to 

the physical BX meson, and find the set 

of parameters matching the physical B.
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METHOD:



Tuning B mesons
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Tuning B mesons

Central b value
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